United States Patent 1191 

Lustre 



US005971318A 
[li] Patent Number: 
[45] Date of Patent: 



5,971,318 
Oct. 26, 1999 



[54] SAFETY SYSTEM FOR VISUAL FLIGHT 
REFERENCES SYSTEM 

[76] Inventor: Tony Lustre, 5470 S. Greenwood, 
Chicago, HI. 60615-5104 

[21] Appl. No.: 08/800,615 
[22] Filed: Feb. 14, 1997 

[51] Int. CI. 6 A47B 19/00 

[52] U.S. CI 244/1 R; 244/118.1; 244/121; 

244/129.1; 244/118.5; 244/119; 701/3; 701/14; 
701/16; 701/206; 180/321; 180/322; 180/325 

[58] Field of Search 701/3, 14, 16, 

701/206; 244/1 R, 118.1, 121, 118.5, 119; 

180/321, 322, 325 



[56] References Cited 

U.S. PATENT DOCUMENTS 

5,222,690 6/1993 Jeffords 244/1 

5,774,818 6/1998 Pages 701/3 

Primary Examiner— William A. Cuchlinski, Jr. 
Assistant Examiner — Olga Hernandez 

[57] ABSTRACT 

A safety system for visual flight reference system for simu- 
lating the geography around an airplane during the landing 
and the take-off under zero visibility conditions. The inven- 
tive device includes a display screen, a keyboard, a hold- 
down bracket and a central processing unit. 

4 Claims, 3 Drawing Sheets 
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SAFETY SYSTEM FOR VISUAL FLIGHT 
REFERENCES SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 
The present invention relates to Flight Simulating Devices 

and more particularly pertains to a new safety system for 
visual flight references system for simulating the geography 
around the landing and the take-off of an airplane during 
zero visibility conditions thereby allowing the pilot to visu- 10 
alize the surrounding landscape. 

2. Description of the Prior Art 

The use of Flight Simulating Devices is known in the 
prior art. More specifically, Flight Simulating Devices here- 
tofore devised and utilized are known to consist basically of 
familiar, expected and obvious structural configurations, 
notwithstanding the myriad of designs encompassed by the 
crowded prior art which have been developed for the ful- 
fillment of countless objectives and requirements. 

Known prior art Flight Simulating Devices include U.S. 
Pat. No. 5,272,652; U.S. Pat. No. 5,009,598; U.S. Pat. No. 
5,394,517; U.S. Pat. No. 4,419,079; U.S. Pat. No. 4,179,823 
and U.S. Pat. No. 4,645,459. 

While these devices fulfill their respective, particular 2 s 
objectives and requirements, the aforementioned patents do 
not disclose a new safety system for Visual Right Reference 
System. The inventive device includes a display screen, a 
keyboard, a hold-down bracket and a central processing unit. 

In these respects, the safety system for visual flight 30 
reference system according to the present invention substan- 
tially departs from the conventional concepts and designs of 
the prior art, and in so doing provides an apparatus primarily 
developed for the purpose of simulating the geography 
around the landing and the take-off of an airplane during 35 
zero visibility conditions thereby allowing the pilot to visu- 
alize the surrounding landscape. 

SUMMARY OF THE INVENTION 
In view of the foregoing disadvantages inherent in the 40 
known types of Flight Simulating Devices now present in 
the prior art, the present invention provides a new safety 
system for visual flight references system construction 
wherein the same can be utilized for simulating the geog- 
raphy around the landing and the take-off of an airplane 45 
during zero visibility conditions thereby allowing the pilot to 
visualize the surrounding landscape. 

The general purpose of the present invention, which will 
be described subsequently in greater detail, is to provide a 
new safety system for visual flight references system appa- 50 
ratus and method which has many of the advantages of the 
Flight Simulating Devices mentioned heretofore and many 
novel features that result in a new safety system for visual 
flight references system which is not anticipated, rendered 
obvious, suggested, or even implied by any of the prior art 55 
Flight Simulating Devices, either alone or in any combina- 
tion thereof. 

To attain this, the present invention generally comprises a 
display screen, a keyboard, a hold -down bracket and a 
central processing unit. 60 

There has thus been outlined, rather broadly, the more 
important features of the invention in order that the detailed 
description thereof that follows may be better understood, 
and in order that the present contribution to the art may be 
better appreciated. There are additional features of the 65 
invention that will be described hereinafter and which will 
form the subject matter of the claims appended hereto. 
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In this respect, before explaining at least one embodiment 
of the invention in detail, it is to be understood that the 
invention is not limited in its application to the details of 
construction and to the arrangements of the components set 
forth in the following description or illustrated in the draw- 
ings. The invention is capable of other embodiments and of 
being practiced and carried out in various ways. Also, it is 
to be understood that the phraseology and terminology 
employed herein are for the purpose of description and 
should not be regarded as limiting. 

As such, those skilled in the art will appreciate that the 
conception, upon which this disclosure is based, may readily 
be utilized as a basis for the designing of other structures, 
methods and systems for carrying out the several purposes 
of the present invention. It is important, therefore, that the 
claims be regarded as including such equivalent construc- 
tions insofar as they do not depart from the spirit and scope 
of the present invention. 

Further, the purpose of the foregoing abstract is to enable 
the U.S. Patent and Trademark Office and the public 
generally, and especially the scientists, engineers and prac- 
titioners in the art who are not familiar with patent or legal 
terms or phraseology, to determine quickly from a cursory 
inspection the nature and essence of the technical disclosure 
of the application. The abstract is neither intended to define 
the invention of the application, which is measured by the 
claims, nor is it intended to be limiting as to the scope of the 
invention in any way. 

It is therefore an object of the present invention to provide 
a new safety system for visual flight references system 
apparatus and method which has many of the advantages of 
the Flight mentioned heretofore and many novel features 
that result in a new safety system for visual flight references 
system Flight Reference System which is not anticipated, 
rendered obvious, suggested, or even implied by any of the 
prior art Flight Simulating Devices, either alone or in any 
combination thereof. 

It is another object of the present invention to provide a 
new safety system for visual flight references system which 
may be easily and efficiently manufactured and marketed. 

It is a further object of the present invention to provide a 
new safety system for visual flight references system which 
is of a durable and reliable construction. 

An even further object of the present invention is to 
provide a new safety system for visual flight references 
system which is susceptible of a low cost of manufacture 
with regard to both materials and labor, and which accord- 
ingly is then susceptible of low prices of sale to the con- 
suming public, thereby making such safety system for visual 
flight reference system economically available to the buying 
public. 

Still yet another object of the present invention is to 
provide a new safety system for visual flight references 
system which provides in the apparatuses and methods of 
the prior art some of the advantages thereof, while simul- 
taneously overcoming some of the disadvantages normally 
associated therewith. 

Still another object of the present invention is to provide 
a new safety system for visual flight references system for 
simulating the geography around the landing and the take- 
off of an airplane during zero visibility conditions thereby 
allowing the pilot to visualize the surrounding landscape. 

Yet another object of the present invention is to provide a 
new safety system for visual flight references system which 
includes a display screen, a keyboard, a hold-down bracket 
and a central processing unit. 
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Still yet another object of the present invention is to 
provide a new safety system for visual flight references 
system that provides increased accurate landings and take- 
offs by adapting to undesirable weather conditions. 

Even still another object of the present invention is to s 
provide a new safety system for visual flight references 
system that simulates the surrounding geography without 
the current undesirable weather conditions. 

These together with other objects of the invention, along 
with the various features of novelty which characterize the 10 
invention, are pointed out with particularity in the claims 
annexed to and forming a part of this disclosure. For a better 
understanding of the invention, its operating advantages and 
the specific objects attained by its uses, reference should be 
had to the accompanying drawings and descriptive matter in 15 
which there is illustrated preferred embodiments of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood and objects other 20 
than those set forth above will become apparent when 
consideration is given to the following detailed description 
thereof. Such description makes reference to the annexed 
drawings wherein: 

FIG. 1 is an upper front view of a new Visual Flight 25 
Reference System according to the present invention. 

FIG. 2 is an upper perspective view of the present 
invention. 

FIG. 3 is a front view of the present invention. 3Q 
FIG. 4 is a cross sectional view taken along line 4 — 4 of 
FIG. 3. 

FIG. 5 is a schematic illustration of the present invention. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT 35 

With reference now to the drawings, and in particular to 
FIGS. 1 through 5 thereof, a new Visual Flight Reference 
System embodying the principles and concepts of the 
present invention and generally designated by the reference 4Q 
numeral 10 will be described. 

More specifically, it will be noted that the Visual Flight 
Reference system 10 comprises a central processing unit 
electrically connected to a plurality of instruments within an 
airplane and constantly reading the instruments, a keyboard 45 
30 electrically connected to the central processing unit 
allowing a pilot to enter information into the central pro- 
cessing unit, and a display screen 20 pivotally attached to the 
keyboard 30 and electrically connected to the central pro- 
cessing unit to display to the pilot a surrounding geography 50 
without undesirable weather conditions present to interfere 
with the pilot's vision. 

As shown in FIGS. 1 through 4, a hold-down bracket 40 
is provided for adjustably securing the keyboard 30 to a dash 
12 within the airplane. The hold-down bracket 40 comprises 55 
a T-rail 42 secured to the dash 12 traversely to a longitudinal 
axis of the airplane. A pair of C-brackets 44 are secured to 
opposite sides of the keyboard 30 and slidably engaging the 
T-rail 42. A pair of winged end screws 46 are threadably 
projecting through the pair of C-brackets 44 for tightening 60 
the C-bracket 44 to the T-rail 42 for preventing movement of 
the keyboard 30. 

As to a further discussion of the manner of usage and 
operation of the present invention, the same should be 
apparent from the above description. Accordingly, no further 65 
discussion relating to the manner of usage and operation will 
be provided. 
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With respect to the above description then, it is to be 
realized that the optimum dimensional relationships for the 
parts of the invention, to include variations in size, materials, 
shape, form, function and manner of operation, assembly 
and use, are deemed readily apparent and obvious to one 
skilled in the art, and all equivalent relationships to those 
illustrated in the drawings and described in the specification 
are intended to be encompassed by me present invention. 

Therefore, the foregoing is considered as illustrative only 
of the principles of the invention. Further, since numerous 
modifications and changes will readily occur to those skilled 
in the art, it is not desired to limit the invention to the exact 
construction and operation shown and described, and 
accordingly, all suitable modifications and equivalents may 
be resorted to, falling within the scope of the invention. 

I claim: 

1. A safety system for visual flight references system for 
mounting to a dash of an airplane having a pair of controls, 
the safety system comprising: 

a central processing unit electrically connected to a plu- 
rality of instruments within an airplane and constantly 
reading said instruments; 

a keyboard electrically connected to said central process- 
ing unit allowing a pilot to enter information into said 
central processing unit; 

a display screen pivotally attached to said keyboard and 
electrically connected to said central processing unit to 
display to said pilot a surrounding geography without 
undesirable weather conditions present to interfere with 
said pilot's vision; and 

wherein said keyboard is positionable between horizontal 
planes extending through pivot axes of steering yokes 
of said airplane. 

2. The safety system of claim 1, including a hold-down 
bracket for adjustably securing said keyboard to a dash 
within said airplane. 

3. The safety system of claim 2, wherein said hold-down 
bracket comprises: 

a T-rail secured to said dash traversely to a longitudinal 

axis of said airplane; 
a pair of C-brackets secured to opposite sides of said 

keyboard and slidably engaging said T-rail; and 
a pair of winged end screws threadably projecting through 

said pair of C-brackets for tightening said C-bracket to 

said T-rail for preventing movement of said keyboard. 

4. A safety system for visual flight references system 
comprising: 

an airplane having a cockpit having a dash and control 
panel, said control panel having two sets of controls 
including a pair of steering yokes; 

a central processing unit electrically connected to a plu- 
rality of instruments of an airplane and constantly 
reading said instruments; 

a keyboard electrically connected to said central process- 
ing unit allowing a pilot to enter information into said 
central processing unit; 

a display screen pivotally attached to said keyboard and 
electrically connected to said central processing unit to 
display to said pilot a surrounding geography without 
undesirable weather conditions present to interfere with 
said pilot's vision; 

a hold-down bracket for adjustably securing said key- 
board to said dash of said airplane, wherein said 
keyboard is positionable between horizontal planes 
extending through pivot axes of said yokes; 
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a T-rail secured to said dash traversely to a longitudinal 

axis of said airplane; 
a pair of C-brackets secured to opposite sides of said 

keyboard and slidably engaging said T-rail such that 

said keyboard is positionable along said T-rail; s 
wherein a length of said T-rail is defined between opposite 

ends thereof, said length of said T-rail being less than 
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a distance between horizontal planes extending through 
pivot axes of said steering yokes; and 
a pair of winged end screws threadably projecting through 
said pair of C-brackets for tightening said C-b racket to 
said T-rail for preventing movement of said keyboard. 

***** 
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[57] ABSTRACT 

A system, method, and computer program product assist a 
technician in troubleshooting an aircraft auxiliary power unit 
(APU). A portable computer is couplable of download the 
fault data captured in a memory of the ECU. The fault data 
corresponds to one or more instances of APU failure. The 
computer is further programmed to compare the fault data to 
predetermined fault patterns stored in a database. Each 
record of the database has one of the fault patterns, a 
corresponding fault indication, and a corresponding service 
recommendation indication. The computer is further pro- 
grammed so that when a record in which the fault pattern 
matches the fault data is found, the corresponding fault 
indication and service recommendation are retrieved from 
the database and provided to the technician via the comput- 
er's display or other suitable output mechanism. 

29 Claims, 7 Drawing Sheets 
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APU TROUBLESHOOTING SYSTEM 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to aircraft auxiliary power 5 
units and diagnostic test equipment for them. 

2. Description of the Related Art 

An auxiliary power unit (APU) provides electrical and 
pneumatic power to an aircraft when its main engines are not 
operational, such as when the aircraft is parked. An APU 
typically includes a jet turbine engine that drives an elec- 
trical generator and other equipment, an electronic control 
unit (ECU), and cockpit-mounted controls. In APUs manu- 
factured by Hamilton Sundstrand, the ECU is also referred 
to as a full authority digital electronic control (FADEC). 

If an APU fails, an aircraft maintenance technician may be 
called upon to diagnose and correct the problem. Typically, 
the ECU measures and captures in a non-volatile memory a 
limited amount of data relating to various APU operating 2 q 
parameters as they were at the time the APU was started and 
at the time the APU failed. It may capture such data relating 
to not one but several recent startups and/or failures, e.g., the 
12 most recent failures. From this data, the ECU may 
provide the technician with some limited diagnostic infer- 25 
mation. For example, a typical ECU has a one-line alpha- 
numeric display on which it displays a fault code such as 
"HOT" to indicate a High Oil Temperature condition, or 
"ACCL" to indicate a failure of the APU to accelerate to 
operating speed upon startup. The ECU may include a 30 
simple user interface such as a single button that the tech- 
nician can press to scroll through the fault codes for recent 
failures. The ECU may record and indicate more than one 
fault code relating to a failure. For example, scrolling 
through the records may indicate both a "HOT" fault code 35 
and a "ACCL" fault code associated with the most recent 
failure. 

APU fault codes typically represent only a fraction of the 
potential faults, and typically do not provide the technician 
with sufficient information to diagnose the cause of the 40 
failure. For example, the fault code "ACFT" may indicate 
only that the fault relates to the aircraft/APU interface. The 
intent of the displayed information is only to provide a 
starting point for diagnosis. Technicians must refer to the 
APU manufacturer's maintenance manual to determine the 45 
significance of the code and the possible causes of the 
problem. There may, for example, be at least six different 
reasons why the ECU displays the "ACFr" fault code. The 
manual may instruct the technician to observe other APU 
conditions or perform further tests to determine which of 50 
these reasons is the applicable one. 

Systems have been developed to aid a technician in 
determining which of the possible reasons for failure is 
associated with a particular fault code. Such a system may 
include a laptop computer that the technician can couple to 55 
the ECU. The computer downloads from the ECU the fault 
codes as well as additional diagnostic codes that the ECU 
stores in association with each failure. These additional 
codes may indicate the state of various APU subsystems at 
the time of failure. Nevertheless, the ECU stores these $o 
additional codes in binary format only, and does not provide 
any type of mnemonic translation that would be meaningful 
to a technician. The primary function of the prior laptop - 
based systems has been simply to read the internal binary 
codes, translate them into verbiage, and display them. 65 

Even with the aid of a laptop -based system that displays 
the internal fault codes in the form of verbiage meaningful 
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to a technician, the task of correctly diagnosing and correct- 
ing a problem remains daunting due to a number of com- 
plicating factors. One such factor is that, of the internal 
codes that are displayed, only some of them may actually 
relate to the cause of the problem, while the others relate to 
effects of the problem. It is difficult for a technician, even 
with the aid of a maintenance manual, to determine which of 
the displayed error codes provide meaningful clues for 
diagnosing the problem and which do not. Further compli- 
cating diagnosis, it may not be evident to the technician 
which of the different fault codes indicate the more severe 
problems and, as a result, a technician may spend time 
needlessly diagnosing less severe problems, which may 
even be effects rather than the causes of the failure, before 
more severe problems, which are generally more likely to be 
the causes of the failure. 

The data that the ECU records may include more data than 
that noted above, including, in certain cases, data relating to 
engine operating parameters such as speed and temperature. 
This data has been intended for use only by the APU 
manufacturer's service personnel and has not been usable by 
maintenance technicians in the field. The APU manufacturer 
may on occasion retrieve ECUs from aircraft in the field and, 
by downloading and analyzing this additional data, assess 
the manner in which its APUs are being used or investigate 
engineering design issues. 

Prior APU diagnostic systems have not advanced consid- 
erably beyond the display of cryptic and imprecise fault 
codes. It would be desirable to provide a troubleshooting 
system that not only precisely diagnoses APU faults but also 
recommends corrective action. These problems and defi- 
ciencies are clearly felt in the art and are solved by the 
present invention in the manner described below. 

SUMMARY OF THE INVENTION 

The present invention relates to a system, method, and 
computer program product for assisting a technician in 
troubleshooting an aircraft auxiliary power unit (APU). A 
portable computer is couplable to an electronic control unit 
(ECU) of the APU and programmed to download fault data 
captured in a memory of the ECU. The fault data corre- 
sponds to one or more instances of APU failure. The 
computer is further programmed to compare the fault data to 
predetermined fault patterns stored in a database. Each 
record of the database has one of the fault patterns, a 
corresponding fault indication, and a corresponding service 
recommendation indication. The computer is further pro- 
grammed so that when a record in which the fault pattern 
matches the fault data is found, the corresponding fault 
indication and service recommendation are retrieved from 
the database and provided to the technician via the comput- 
er's display or other suitable output mechanism. 

In some embodiments of the present invention, the com- 
puter may be programmed to determine whether more than 
one of the fault patterns matches the fault data, and rank their 
corresponding fault indications and service recommenda- 
tions in order of likelihood so that a technician can focus 
upon those that are more likely to be the true cause of the 
failure. 

In embodiments of the invention in which the downloaded 
fault data correspond to multiple instances of APU failure, 
the computer may be programmed to distinguish between 
those fault data that are likely attributable to the cause of the 
APU failure and those that are likely attributable to the 
effects of APU failure. Only those that are attributable to the 
cause are used to search the database, and those that are 
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attributable to effects may be ignored. For example, once an information identifying the FADEC, i.e., a configuration 

APU has failed and shut down, attempts to restart it may number (note column labeled "FADEC No."), information 

result in the recordation of further fault data that appears to identifying the record (note column labeled "Start Index"), 

reflect further instances of APU failure. In such a case, the a fault code (note column labeled "Fault Code"), and a 

fault data associated with the initial failure and shutdown are 5 warning code (note column labeled "Warning Code"). In the 

most useful for diagnostic purposes; the further fault data SUNDSTRAND APS-2000 FADEC, the fault code is four 

associated with the attempts to restart the APU are not as bytes and the warning code is eight bytes. The fault and 

useful. warning codes represent the status of various APU 

The foregoing, together with other features and advan- subsystems, such as a high oil temperature or an air inlet 

tages of the present invention, will become more apparent 10 door in the open position. If the APU not only failed but also 

when referring to the following specification, claims, and shut ltscli down > ECU P ^° crcates a record ™ the 

accompanying drawings. corresponding portion of its non-volatile memory represent- 
ing shutdown data, illustrated in FIG. 4B. Note that because 

BRIEF DESCRIPTION OF THE DRAWINGS tne mav fail and vet not silut dow &> toere will not 

15 necessarily be a shutdown record corresponding to each and 

For a more complete understanding of the present every fault record. Each time the APU shuts down as a result 

invention, reference is now made to the following detailed of a failure, ECU 12 records, in addition to the "Engine-ID" 

description of the embodiments illustrated in the accompa- and "Start Index", a quantity relating to a measurement of 

nying drawings, wherein: the APU exhaust gas temperature at the time the APU was 

FIG. 1 illustrates a system in which a computer system of 20 started (note column labeled "EGT"), a quantity represent - 

the present invention is coupled to an APU electronic control ing the percentage of full operating speed the APU at the 

unit; time the APU was started (note column labeled "%speed"), 

FIG. 2 is a block diagram of the computer system; a quantity relating to a measurement of the ambient air 

FIG. 3 is a flowchart illustrating the method; VZT?«u ^ ^ ^ Wa5 StartCd (n ° te ^T" 

A A r , , , . ' , , , 25 labeled P^b ), a quantity relating to a measurement of the 

FI G . 4A represents fault data captured in and downloaded mWcnt air temperatIire at me time the ^tj was &M 

from the electronic control unit; (note column kbeled a qu ^ y felatmg to a 

FIG. 4B represents fault data associated with an APU measurement of the APU exhaust gas temperature at the 

shutdown captured in and downloaded from the electronic time the APU shut down (note second column labeled 

control unit; 30 "EGT"), a quantity representing the percentage of full 

FIG. 5 A represents a database table having records that operating speed the APU at the time the APU shut down 

relate to fault data; (note second column labeled "%speed"), a quantity relating 

FIG. 5B is a continuation of FIG 4A* to a measurement of the ambient air pressure at the time the 

FIG. 6 represents another database table having records A™ *T ( note second «*™n «P "), a 

that relate to fault description indications and corresponding 35 ? uantlt y rcktm * to a mc«w«Dicnt of the ambient air 

service recommended action indications; tei f P 6 ™ * ^ ^^vm ( note ^ cond 

„ _ .„ Jt , , ' column labeled "T^ and the "Fault Code." 

FIG. 7 illustrates a screen display on the computer system; r? _ a. f 1* j • *i_ c u j 1 . ^ 

^ Prom the lault code m the fault record relating to the most 

recent failure, ECU 12 derives mnemonic symbols generally 

FIG. 8 illustrates another screen display on the computer 40 representative of the type of failure and displays the symbols 

svstcm * on display 18. For example, the symbol "ACFT: Fire/Door/ 

DESCRIPTION OF A PREFERRED f^" i& * typical ^f}?' in f C f n * to thc ^cbnician that 

EMBODIMENT WaS m aircra "" tv P e * au " anc * mav nave evolved 

either a fire, an air inlet or exhaust door, or the battery. By 
As illustrated in FIG. 1, a computer 10 is coupled to the 45 pressing button 20 (FIG. 1), the technician can scroll 
electronic control unit (ECU) 12 of an aircraft auxiliary through similar information on display 18 relating to other 
power unit (APU) via a cable 14. ECU 12 is also known as fault records corresponding to earlier instances of APU 
a full authority digital electronic control or FADEC. A failure. It should be evident that the displayed information 
service technician couples computer 10 to ECU 12 in this does not diagnose the cause of the failure with any degree of 
manner after the APU malfunctions and is shut down so that 50 precision. At that point, the technician typically consults the 
the technician can diagnose and correct the problem. aircraft manufacturer's maintenance manual, using the dis- 
Specifically, the technician couples cable 14 between the played information as a starting point to begin diagnosing 
serial port of computer 10 and a multi-pin connector 16 of the problem and determining how to correct it. The present 
ECU 12. ECU 12 may be, for example, the FADEC of a invention is intended to address this problem by not only 
SUNDSTRAND APS-2000 APU. The operation of ECU 12 55 significantly improving diagnostic precision but also pro- 
is not described in detail in this patent specification because viding a recommended action to correct the problem, 
persons skilled in the art to which the invention relates are Computer 10 is preferably a laptop, palmtop or similar 
familiar with the operation of the FADEC of a SUND- highly portable computer having a MICROSOFT WIN- 
STRAND APS-2000 APU or others like it. Nevertheless, it DOWS or similar operating system. As illustrated in FIG. 2, 
should at least be noted that ECU 12 includes a display 18 60 computer 10 includes a main memory 22, a central process- 
and a button 20 by means of which a technician can review ing unit 24, a modem 26, a display 28, serial and parallel 
fault codes that ECU 12 captures in a non-volatile memory input/output ports 30, a keyboard 32, a mouse 34 or similar 
at the time of an APU failure. Each time the APU is started pointing device, a removable -disk drive 36 such as a 
and thereafter fails, ECU 12 creates a fault record in its CD-ROM, DVD, floppy disk or other drive based upon 
non-volatile memory along the lines of those illustrated in 65 magnetic, optical or similar removable data storage medium 
FIG. 4A. For each fault record, ECU 12 records information 38. Computer 10 further includes a hard disk drive 40. A 
identifying the APU (note column labeled "Engine-ID"), database 42, described in further detail below, is stored on 



and 



04/19/2004, EAST Version: 1.4.1 



6,122,575 



hard disk drive 40 during operation of the present invention. 
Although a number of commercially available database 
products may be suitable, an exemplary embodiment of the 
invention included a MICROSOFT EXCEL database. Data- 
base 42 and the other operating software of the present 5 
invention may be imported into computer 10 by reading it 
from data storage medium 38 or by downloading it from a 
remote server (not shown) using modem 26. The software 
includes a fault data downloader 44, a database comparer 46, 
a fault data searcher 48 and a diagnosis and service recom- 10 
mendation indicator 50. As persons of skill in the art 
understand, although these software elements are illustrated 
in FIG. 2 as existing simultaneously in memory 22 for 
purposes of explanatory clarity, they may in actuality be 
retrieved into memory 22 from hard disk 40 or other source 15 
in such segments and at such times as the operating system 
may cause to occur in accordance with well-known operat- 
ing system principles. Along similar lines, there are other 
software elements that are not illustrated in FIG. 2 for 
purposes of explanatory clarity, such as elements of the 2 q 
operating system, that may exist in memory 22 as well. 

To use the invention, after connecting computer 10 to 
ECU 12 as described above, the technician turns on com- 
puter 10 in the conventional manner. A suitable batch file or 
similar mechanism (not shown) automatically initiates 25 
execution of the software of the present invention. The 
flowchart of FIG, 3 illustrates the operation of computer 10 
as programmed in accordance with the software. Persons 
skilled in the art will readily be capable of devising suitable 
software code to effect the methods represented by the 30 
flowchart of FIG, 3 in view of the description in this patent 
specification. Although one may write such software code in 
any number of suitable computer programming languages, 
some exemplary software was written in the VISUAL 
BASIC language. 35 

Computer 10 may first display some initialization screens 
(not shown), in which the technician is instructed to enter 
identifying information for the APU, the airline and the 
aircraft tail number in which the APU is installed. The 
technician enters data and navigates through the screens 40 
using standard windowing user interface conventions, such 
as activating mouse 34 to select a button or other graphical 
windowing structure. For example, the user may select or 
"click on" a Diagnose button 52 to process the most recent 
fault record. In response, computer 10 downloads the most 45 
recent data from the APU and displays information pertinent 
to the first or more recent fault record ("Record #1"). 
Computer 10 then displays a screen such as illustrated in 
FIG. 7. A scroll bar 54 allows the technician to initiate 
processing of previous fault records. 50 

As illustrated in FIG. 3, at step 56 computer 10 downloads 
from the non-volatile memory of ECU 12 the fault data 
described above with regard to FIGS. 4Aand 4B. At step 58 
the technician selects a fault record. (As noted above, the 
first fault record is processed first by default, but the 55 
technician can scroll through other fault records.) At step 60 
computer 10 tests for aircraft- type ("ACFT") anomalies. 
This step reflects the critical realization that determining the 
cause of an "ACFT' fault indication may require analysis of 
the historical fault data, i.e., the fault records corresponding 60 
to previous instances of APU failure. Computer 10 first 
determines whether there is a shutdown record (see, e.g., 
FIG. 4B) that has a Start Index, Engine-ID and Fault Code 
that are the same as those of the fault record (see, e.g., FIG. 
4A) because there are cases in which diagnosis requires a 65 
comparison between the fault code in a fault record and the 
fault code in the corresponding shutdown records. For 



example, if the bit representing the "ACFT" fault is not set 
in the fault record but the bit representing the " ACFT" fault 
is set in the corresponding shutdown record, then a probable 
cause of the APU failure is that the air inlet door did not open 
properly. In this case, it is necessary to determine which of 
the shutdown records corresponds to the selected fault 
record. Note that there may be multiple shutdown records 
that superficially appear to be the same, i.e., same "Engine- 
ID" and same "Start Index," if for example, a pilot attempted 
to restart an APU that had shut down and could not be 
restarted, because ECU 12 only generates a new "Start 
Index" if the APU is successfully started. Thus, an important 
part of step 60 is comparing bits of the fault code of the fault 
record to bits of the fault code of the shutdown records to 
determine which, if any, of the shutdown records corre- 
sponds to, i.e., was created in response to the same instance 
of APU failure as, the selected fault record. 

At step 62 computer 10 tests for high oil temperature 
("HOT") anomalies. This step reflects a similar critical 
realization that determining the cause of an "HOT" fault 
indication may require analysis of the historical fault data. If 
the "HOT' fault code bit is set, then it is the next oldest 
shutdown record that corresponds to the selected fault record 
if the next oldest shutdown record has a different Start Index 
than the fault record. If the "HOT* fault code bit is set, and 
the Start Index of the next oldest shutdown record is the 
same as that of the selected fault record, and the "HOT" fault 
code bit of the next oldest shutdown record is not set, then 
the original or previous shutdown record corresponds to the 
selected fault record. If the "HOT* fault code bit is set, and 
the Start Index of the next oldest shutdown record is the 
same as that of the selected fault record, and the "HOT" fault 
code bit of the next oldest shutdown record is set, then it can 
be inferred that the APU did not shut down as a result of the 
instance of APU failure represented by the selected fault 
record, and no shutdown record corresponds to the selected 
fault record. 

At step 64 computer 10 associates the remaining shut- 
down records with the other (non-selected) fault records. In 
this case, a shutdown record can be deemed to correspond to 
a fault record if their Engine-ID and Start Index match. 

At step 66 computer 10 tests the fault record data and 
shutdown record data for values that are out of reasonable 
bounds. If values are out of reasonable bounds, then it can 
be inferred that the measurement was incorrect. Computer 
10 does not attempt to diagnose a failure if the recorded data 
is not trustworthy and provides a suitable indication. If all 
data are within reasonable bounds, computer 10 proceeds to 
step 68. 

At step 68 computer 10 diagnoses the selected record by 
comparing the fault record data and corresponding shutdown 
record data to the data stored in database 42, represented by 
FIGS. 5A-5B. As in any database, the rows may be con- 
sidered to be records, and the data in each column may be 
associated or included within any of the records. 

The columns include a first fault indication ("Faultl") and 
a second fault indication ("Fault2"). More than one fault 
code may be associated with an instance of APU failure. The 
inclusion of these columns reflects the critical realization 
that certain faults that occur together are indicative of a 
problem that may not be the same as the problem of which 
only one of the codes occurring by itself or in combination 
with still another code would be indicative. The data in these 
columns are the mnemonic symbols that corresponds to the 
fault code, such as "ACFT." As noted above, a number of 
possible faults may be grouped under a single mnemonic 
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symbol, and can only be differentiated from one another by 
a more complete analysis of the fault code bits. The binary 
fault code itself is included in a "Fault Code" column. These 
data are compared to that of the downloaded fault code data 
of the selected fault record. 

The columns also include "Shutdown Faultl" "Shutdown 
Fault2," and "Shutdown Code" columns. The data in the 
these columns are the mnemonic symbols and corresponding 
binary fault codes for shutdown conditions and are com- 
pared to the downloaded data of the corresponding shut- 
down record. A "Warning" column and "Warning Code" 
column store the mnemonic symbol and corresponding 
binary warning code and are compared to the downloaded 
warning code data of the selected fault record. 

Another column is the "Build" column, which represents 
the version or build of the FADEC that identifies it. The 
engineering designs of FADECs occasionally are changed 
resulting in different versions of a particular FADEC. In 
addition, it is foreseeable that FADECs implemented for a 
particular APU may be designed by different manufacturers. 
These different designs and versions may affect the 
diagnosis, and consequently, the comparison of the data in 
this column to the identifying information read by the 
computer 10 may effect the diagnostic process. 

In certain instances, the diagnosis depends upon analysis 
of the portion of the downloaded fault codes that represent 
APU engine operating parameters. If the record reflects an 
analysis of engine parameters, an "Engine Parameters" 
column is marked. The next group of 18 columns are the 
values of the engine parameters. Half of these columns store 
parameters relating to the time of APU shutdown, and the 
other half store parameters representing the delta or differ- 
ence between the values of those parameters at APU startup 
and at APU shutdown. For each parameter, a column is 
included for a lower limit and a column is included for an 
upper limit. The columns for both shutdown values and delta 
values are: ambient pressure, lower limit ("P AAfB -LL M ); 
ambient pressure, upper limit ("P^^-UL"); ambient 
temperature, lower limit ("T AAfJ? -LL"); ambient 
temperature, upper limit ("T AAfB -UL"); exhaust gas 
temperature, lower limit ("EGT-LL"); exhaust gas 
temperature, upper limit ("EGT-UL"); percentage of normal 
engine operating speed, lower limit ("SPD-LL"); percentage 
of normal engine operating speed, upper limit ("SPD-UL"); 
fuel, lower limit ("FUEL-LL") and fuel, upper limit 
("FUEL-UL"). Downloaded engine parameter data are 
deemed to match the values in the database table if they are 
between the upper and lower limits of that parameter. As 
described above, the downloaded fault data and shutdown 
data are compared to the values in these columns to deter- 
mine whether they match. If all columns of a record match 
the downloaded data, that record is deemed to represent a 
problem that is likely the cause (or one of the causes) of the 
APU failure. Note that it is possible that the columns of more 
than one record may match the downloaded data. 

The remaining columns include a "Rank" column and a 
"Result No." column. The Rank of a record is a value 
representing an estimate of the relative likelihood that the 
problem or diagnosis represented by that record is the true 
cause of the APU failure in comparison with other records 
that may have the same or similar values. Because the 
comparison may result in two or more matching records 
(diagnoses), the Rank is used to sort the diagnoses for 
presentation to the technician in order of likelihood, with the 
most likely diagnosis presented first. The Result No. is used 
as an index into the database table illustrated in FIG. 6. This 
table includes a "Result No." column, a "Fault Description" 
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column, a "Notes" column, and a "Recommended Action" 
column. This table is separate from that of FIG. 5 for 
purposes of convenience, but in other embodiments the 
tables may be combined or partitioned in any other suitable 
S manner. 

When the comparison results in a matching record, at step 
69 an English description of the Fault code of the indexed 
record of the table of FIGS. 5A-B are displayed in the 
"Faults" box 70 on the computer screen, as illustrated in 

10 FIGS. 7 and 8. Similarly, the Notes data, if any, of the 
indexed record of the table of FIG. 6 are displayed in a 
"Notes" box 71 (FIG. 8), an English description of the 
Warnings code of the indexed record of the table of FIGS. 
5A-B are displayed in the "Warnings" box 72, the Shutdown 

15 Faultl and/or Shutdown Fault2 data of the indexed record of 
the table of FIGS. 5A-B are displayed in the "Shutdown 
Faults" box 74, the Fault Description data of the indexed 
record of the table of FIG. 6 are displayed in the "Fault 
Description" box 76, and the Recommended Action data of 

20 the indexed record of the table of FIG. 6 are displayed in the 
"Recommended Action" box 78. 

If the comparison resulted in more than one matching 
record, the data of the most likely record, i.e., the one having 
the highest Rank, are displayed first, and the data of the next 

25 most likely record are displayed by means of a similar screen 
display that the technician can activate by clicking on a 
second tab 80. To return to the display corresponding to the 
most likely record, the technician can click on the first tab 
82. For example, first tab 82 may be labeled "ACFT" to 

30 indicate that the most likely cause of the APU failure was of 
the aircraft type, and second tab 80 may be labeled "ECU" 
to indicate that the next most likely cause of the APU failure 
was of the ECU type. If the Engine Parameters column of the 
matching record is marked, the downloaded engine param- 

35 eter data are displayed in an "Engine Parameter*' box 84. 
In an exemplary embodiment of the invention, multiple 
fault codes are grouped together in accordance with the 
relationships between the faults. For example, a shutdown 

4Q fault is paired with the non-shutdown fault if it is likely that 
the non-shutdown fault caused the shutdown fault. If mul- 
tiple non-shutdown faults may have caused the shutdown 
fault, the faults are paired in accordance with the most likely 
cause-effect relationship. Although the computer 10 ranks 

45 the various combinations of faults, the information dis- 
played to the technician reflects the ranking by displaying 
the most likely pair of faults as the failure and the corrective 
action necessary. Since all the faults have actually occurred, 
all faults are displayed, as described below in reference to 

so step 58, so that the technician may address each fault. 

In other embodiments of the invention, the failures or 
faults may be grouped or ranked in other ways. For example, 
if the likelihood of several events (failures) resulting in a 
chain reaction of fault codes is greater than other grouping 

55 such as pairing of faults, the highest ranked fault will be in 
accordance with the grouping of those several fault codes 
generated by the several events. 

If the technician uses scroll bar 54 to select the next 
downloaded fault record (or any other downloaded fault 

60 record), computer 10 returns to step 58 and performs the 
comparison and tests described above with respect to steps 
60-69. As noted above, ECU 12 typically stores 12 fault 
records that correspond to the 12 most recent APU runs. 
The user interface further includes "Survey" buttons 84 

65 that a technician can click on to initiate communication with 
remote personnel or a computer server via modem 26. For 
example, the downloaded fault data can be transmitted for 
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off-site analysis by the APU manufacturer's personnel 
through a computer. Clicking on a "Print" button 86 initiates 
printing of the data and results if a printer is attached to 
computer 10. Clicking on a "FAQ" button 88 causes a list of 
frequently asked questions and their answers to be dis- 5 
played. The display includes "Open File", "Exit", and 
"Close" buttons 90, 92 and 94, respectively, that are used in 
the manner conventional to WINDOWS-based application 
programs. 

A comparison of FIG. 7 with FIG. 8 illustrates that APU 1Q 
failures can result in the same fault indication (in this 
example, "ACFT: Fire/Door/Battery") but be attributable to 
very different problems. In the case of the failure to which 
FIG. 7 relates, the system diagnosed the problem an over- 
temperature condition in the APU air inlet, and recom- 
mended cleaning the contacts of the Inlet Temperature 35 
Sensor. In the case of the failure to which FIG. 8 relates, the 
system diagnoses the problem as the air inlet door being left 
in the fully open position at power-up of the FADEC, and 
recommended cycling the APU master power switch off and 
on, among other actions. Note that in contrast to this 20 
relatively precise diagnosis and recommended actions, prior 
systems provided the technician with only the "ACFT" 
mnemonic code (as displayed on display 18 of ECU 12) or, 
at most, with a translation of the fault code into a text string 
such as "Fire/Door/Battery" and the shutdown code into a 25 
text string such as "Reverse Row." The present invention 
provides a complete Fault Description and a complete 
Recommended Action in language that is meaningful to a 
technician. 

30 

In addition, the data obtained by the computer 10 is stored 
and can be used in a variety of ways by the technician or 
others to more efficiently diagnose, repair and maintain the 
APU. Diagnostic experts can access the stored data to 
statistically monitor the various failures, the suggested 35 
actions of the program and the repair action that actually 
fixed the problems. The accuracy of the diagnostic program 
can be continually improved using the comments submitted 
by the technician in the survey coupled to the data obtained 
during the various runs. Another example of using the data 4Q 
for efficient maintenance of the APU includes periodically 
performing the diagnostic testing on each aircraft to deter- 
mine the quantity of each type of repair part that should be 
ordered. 

Obviously, other embodiments and modifications of the 45 
present invention will occur readily to those of ordinary skill 
in the art in view of these teachings. Therefore, this inven- 
tion is to be limited only by the following claims, which 
include all such other embodiments and modifications when 
viewed in conjunction with the above specification and 5Q 
accompanying drawings. 

What is claimed is: 

1. A method of diagnosing a failure of an aircraft auxiliary 
power unit comprising the steps of: 

downloading fault data from a memory of an electronic 5S 

control unit of the auxiliary power unit to a computer; 
comparing the fault data to a plurality of fault patterns 

accessible to the computer to determine a likelihood of 

the cause of the failure; and 
producing an output in accordance with the likelihood of 60 

the cause of the failure. 

2. A method in accordance with claim 1 further compris- 
ing the steps of: 

ranking a plurality of possible combinations of faults of 
the fault data in accordance with the likelihood of the 65 
occurrence of the possible combinations of faults to 
produce a rank; and 
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producing the output in accordance with the possible 
combinations and the rank. 

3. A method in accordance with claim 2, wherein the step 
of ranking comprises the steps of: 

pairing the faults to produce a plurality of combination 
pairs; and 

comparing each of the plurality of combination pairs to 
the fault patterns to determine a likely cause and effect 
relationship. 

4. A method for assisting a technician in troubleshooting 
an aircraft auxiliary power unit (APU), comprising the steps 
of: 

said technician coupling a portable computer to an elec- 
tronic control unit (ECU) of the APU; 

said computer downloading fault data captured in a 
memory of said ECU, said fault data corresponding to 
an instance of APU failure; 

said computer comparing said fault data to predetermined 
fault patterns stored in a database in said computer, said 
database defined by a plurality of records, each record 
having one of said fault patterns, a corresponding fault 
indication, and a corresponding service recommenda- 
tion indication; and 

said computer providing to said technician a fault indi- 
cation and a service recommendation indication corre- 
sponding to one of said fault patterns matching said 
fault data. 

5. The method claimed in claim 4, further comprising the 
steps of: 

said computer searching said fault data to determine 
historical fault data corresponding to a plurality of 
sequential instances of APU failures; 

said computer evaluating said historical fault data in 
accordance with a predetermined algorithm to deter- 
mine fault data caused by said instance of APU failure 
and fault data that are the effect of said instance of APU 
failure; and 

wherein said step of said computer providing to said 
technician a fault indication and a service recommen- 
dation indication comprises providing a fault indication 
and a service recommendation indication correspond- 
ing to one of said fault patterns matching said fault data 
determined to be caused by said instance of APU 
failure. 

6. The method claimed in claim 5, wherein said fault 
patterns include engine operating parameter data. 

7. The method claimed in claim 6, wherein said engine 
operating parameter data is selected from the group consist- 
ing of engine speed, exhaust gas temperature, ambient 
temperature and ambient pressure. 

8. The method claimed in claim 4, wherein said fault 
patterns include engine operating parameter data. 

9. The method claimed in claim 8, wherein said engine 
operating parameter data is selected from the group consist- 
ing of engine speed, exhaust gas temperature, ambient 
temperature and ambient pressure. 

10. The method claimed in claim 4, further comprising the 
steps of: 

said computer determining whether more than one of said 
fault patterns matches said fault data; and 

if more than one of said fault patterns matches said fault 
data, said computer providing to said technician in 
order of likelihood a plurality of fault indications and 
service recommendations indications corresponding to 
said fault patterns matching said data. 
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11. The method claimed in claim 10, wherein each record 
in said database has a likelihood estimation rank, and said 
step of said computer providing to said technician in order 
of likelihood a plurality of fault indications and service 
recommendations indications corresponding to said fault 
patterns matching said data is performed in response to said 
likelihood estimation rank. 

12. A method in accordance with claim 11 further com- 
prising the step of determining the likelihood estimation 
rank based on grouping of faults. 

13. A method in accordance with claim 12 wherein the 
grouping of faults is based on the likelihood of a fault being 
caused by a second fault. 

14. A system for assisting a technician in troubleshooting 
an aircraft auxiliary power unit (APU), comprising: 

a portable computer couplable to an electronic control 
unit (ECU) of the APU and programmed to include 
downloading means, comparing means and indicating 
means; 

said downloading means for downloading fault data cap- 
tured in a memory of said ECU, said fault data corre- 
sponding to an instance of APU failure; 

said comparing means for comparing said fault data to 
predetermined fault patterns stored in a database in said 
computer, said database defined by a plurality of 
records, each record having one of said fault patterns, 
a corresponding fault indication, and a corresponding 
service recommendation indication; and 

said indicating means for providing to said technician a 
fault indication and a service recommendation indica- 
tion corresponding to one of said fault patterns match- 
ing said fault data. 

15. The system claimed in claim 14, wherein said fault 
patterns include engine operating parameter data. 

16. The system claimed in claim 15, wherein said engine 
operating parameter data is selected from the group consist- 
ing of engine speed, exhaust gas temperature, ambient 
temperature and ambient pressure. 

17. The system claimed in claim 14, wherein said com- 
puter is programmed to farther comprise: 

multiple fault means for determining whether more than 
one of said fault patterns matches said fault data; and 

said indicating means provides to said technician in order 
of likelihood a plurality of fault indications and service 
recommendations indications corresponding to said 
fault patterns matching said data if more than one of 
said fault patterns matches said fault data. 

18. The system claimed in claim 17, wherein each record 
in said database has a likelihood estimation rank, and said 
indicating means provides said plurality of fault indications 
and service recommendations indications corresponding to 
said fault patterns matching said data in response to said 
likelihood estimation rank. 

19. The system claimed in claim 14, wherein said com- 
puter is programmed to farther comprise: 

historical searching means for searching said fault data to 
determine historical fault data corresponding to a plu- 
rality of sequential instances of APU failures; 

historical evaluation means for evaluating said historical 
fault data in accordance with a predetermined algo- 
rithm to determine fault data caused by said instance of 
APU failure and fault data that are the effect of said 
instance of APU failure; and 

wherein said indicating means provides a fault indication 
and a service recommendation indication correspond- 
ing to one of said fault patterns matching said fault data 
determined to be caused by said instance of APU 
failure. 



10 



40 



45 



50 



55 



60 



20. The system claimed in claim 19, wherein said fault 
patterns include engine operating parameter data. 

21. The system claimed in claim 20, wherein said engine 
operating parameter data is selected from the group consist- 
ing of engine speed, exhaust gas temperature, ambient 
temperature and ambient pressure. 

22. A computer program product for assisting a technician 
in troubleshooting an aircraft auxiliary power unit (APU), 
said computer program product comprising: 

a computer-readable medium carrying thereon: 
downloading means for downloading fault data cap- 
tured in a memory of said ECU, said fault data 
corresponding to an instance of APU failure; 
comparing means for comparing said fault data to 
predetermined fault patterns stored in a database in 
said computer, said database defined by a plurality of 
records, each record having one of said fault 
patterns, a corresponding fault indication, and a 
corresponding service recommendation indication; 
and 

indicating means for providing to said technician a fault 
indication and a service recommendation indication 
corresponding to one of said fault patterns matching 
said fault data, 

23. The system claimed in claim 22, wherein said fault 
patterns include engine operating parameter data. 

24. The system claimed in claim 23, wherein said engine 
operating parameter data is selected from the group consist- 
ing of engine speed, exhaust gas temperature, ambient 
temperature and ambient pressure. 

25. The system claimed in claim 22, wherein said com- 
puter is programmed to further comprise: 

multiple fault means for determining whether more than 
one of said fault patterns matches said fault data; and 

said indicating means provides to said technician in order 
of likelihood a plurality of fault indications and service 
recommendations indications corresponding to said 
fault patterns matching said data if more than one of 
said fault patterns matches said fault data. 

26. The system claimed in claim 25, wherein each record 
in said database has a likelihood estimation rank, and said 
indicating means provides said plurality of fault indications 
and service recommendations indications corresponding to 
said fault patterns matching said data in response to said 
likelihood estimation rank. 

27. The system claimed in claim 22, wherein said com- 
puter is programmed to further comprise: 

historical searching means for searching said fault data to 
determine historical fault data corresponding to a plu- 
rality of sequential instances of APU failures; 

historical evaluation means for evaluating said historical 
fault data in accordance with a predetermined algo- 
rithm to determine fault data caused by said instance of 
APU failure and fault data that are the effect of said 
instance of APU failure; and 

wherein said indicating means provides a fault indication 
and a service recommendation indication correspond- 
ing to one of said fault patterns matching said fault data 
determined to be caused by said instance of APU 
failure. 

28. The system claimed in claim 27, wherein said fault 
patterns include engine operating parameter data. 

29. The system claimed in claim 28, wherein said engine 
operating parameter data is selected from the group consist- 
ing of engine speed, exhaust gas temperature, ambient 
temperature and ambient pressure. 
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